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Abstract: 

An interlayer for a laminated glass, said interlayer being composed of a film or 
sheet of a thermoplastic resin (1), at least one surface of the film or sheet of a 
thermoplastic resin having numerous coarse raised (4) and depressed (5) 
portions and numerous fine raised and depressed portions (3) existing on the 
surfaces of the coarse raised and depressed portions (2), the average distance 
between two adjacent coarse depressed or raised portions being about 2 to 
about 10 times the 10-point average roughness of the coarse raised and 
depressed portions measured in accordance with ISO-R467. 
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® IMHlayar for lamlnalsd glass. 

< 

(00 An intertayer for a laminated glass, said inter- 
tMayer being composed of a film or sheet of a thermo- 
O^plastic resin (1). at least one surface of ttie film or 
IQaheet of a thermoplastic resin having numerous 
l^^coarse raised (4) and depressed (5) portions and 
•^•numerous fine raised and depressed portions (3) 
O^^dsting on the surfaces of the coarse raised and 
depressed portions (2), the average distance be- 
ll|tMen two adjacent coarse depressed or raised por- 
tions being about 2 to about 10 tim s th IQ-point 
roughness of the coarse raised and de- 



pressed portions measured In accordance with ISO- 
R467. 
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INTERtAYER FOR LAMINATED GLASS 



This invention relates to an Improved interlayer 
for a laminated glass used In various transportation 
facilities such as automobiles and aircraft and win* 
dowpanes of buildings. 

The laminated glass is produced generally by 
holding an Interlayer of a film or sheet of. for 
example, plasticized polyvinyl butyral with two 
gl^ sheets to build an assembly, removing air 
from the inside of the assembly under reduced 
pressure by using a rubber bag. etc., preliminarily 
press-bonding the constituents of the assembly, 
and then consolidating It in an autoclave to form a 
unitary structure. Raised and depressed portions of 
various shapes are formed on one or both surfaces 
of the interlayer to Improve deaeration in the pre- 
liminary pressl»nding step and prevent blocking of 
the interlayer, as disclosed, for example, in Japa- 
nese Laid-open Patent Publication No. 
1S0532/1982. So far. however, no Interlayer film 
has been obtained which is satisfactory both in 
deaeratabiKty and antiblocking property. 

ft is an object of ttits Invention to provide an 
irttertayer film or sheet for a laminated glass, which 
has excellent deaeratabiirty in the press-bonding 
and consolidating steps. Improved antibkx:king 
property and moderate adhesion to glass. 

The present invention provkles an interlayer for 
a laminated glass, which is composed of a film or 
sheet of a thermoplastic resin, at least one surface 
of the film or sheet of a thermoplastic resin having 
numerous coarse raised and depressed portions 
and numerous fine raised and depressed portions 
existing on the surfaces of the coarse raised and 
depressed portions, the average distance between 
two adjacent coarse depressed or raised portions 
being about 2 to about 10 times tt)e 10-point aver- 
age roughness of the coarse raised and depressed 
portkms measured In accordance wttti ISO-R467. 

In a preferred embodiment of this invention, the 
average distance between the two adjacent coarse 
raised or depressed portions is 100 to 500 microm- 
eters, preferably 200 to 300 mkarometers. and the 
10-point avera^ roughness of the coarse raised 
and depressed portions is 200 to 100 micrometers, 
preferably 25 to 70 mk:rometers. 

The surface roughness of the fine raised and 
depressed portions formed on the surfaces of the 
coarse raised and depressed portions, and the 
distance between adjacent fine raised or depressed 
portions are selected within proper ranges depend- 
ing mainly upon the roughness of ttie coarse raised 
and depressed portions, and ttie material and prop- 
erties of the thermoplastic resin. Usually, the sur- 



face roughness of the fine raised and depressed 
portions, detemnined by the 10-point average 
roughness, is 5 to 20 micrometers, preferably 5 to 
15 micrometers. 

5 When the average roughness of the coarse 
raised and depressed portions is relatively small, it 
Is desirable to make the surface roughness of tiie 
fine raised and depressed portions relatively small. 
Preferably, the ratio of the surface roughness of the 

10 fine raised and depressed portions to the surface 
roughness of the coarse raised and depressed 
portions is in the range of from 0.2 to 0.5. The 
average distance between two adjacent fine raised 
or depressed portions is preferably 60 to 130 mi- 

rs crometers. more preferably 60 to 100 micrometers. ' 
The invention is described fc)ek>w in detail with 
reference to the accompanying drawings in which: 

Rgure i is a partfy broken-away perspective 
view, drawn in a slightiy exaggerated manner, 

20 showing the state of the interlayer of the invention 
being hekj by glass sheets; and 

Rgure 2 is a surface roughness cun^e of the 
interlayer of the invention at a certain position 
drawn In a slightiy exaggerated manr^er. 

2S With reference to Figure 1. numerous coarse 
raised portions 4 and depressed portions 5 - 
(inclusively designated by 2) are formed on t>oth 
surfaces of an interlayer 1, and numerous fine, 
raised and depressed portioris 3 are formed on the 

30 surfaces of the coarse raised and depressed por- 
tions 2. and the surfaces of the interlayer 2 have 
double raised artd depressed areas. 

Preferably, a depressed portion 5 of the coarse 
raised and depressed portion 2 is directiy con- 

36 nected to the depressed portion 5 of ti>e adjacent 
raised and depressed portion 2, as shown in the 
drawing. If desired, tfie depressed portions 5.5 of 
the adjacent raised and depressed portions 2,2 
may be connected through a flat portion. In the 

40 latter case, tiie area of tiie flat portion is preferably 
minimized in order to increase the antiblocking 
property of the interiayer. 

In the illustrated embodiment the coarse 
raised and depressed portions are arranged inregu- 

46 larly on the surface of the irrteriayers. but if de- 
sired, tfiey may be arranged regulariy. If further 
desired, the coarse raised portions may be con- 
nected in a long line in one direction to form 
ridges, and a nanrow channel may be formed be- 
so tween adjacent ridges. In this case, however, it Is 
necessary to remove air during laminated glass 
production in a direction neariy corresponding to 
such a narrow channel 
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Referring to Rgur 2 showing a surface rough* 
ness curve of the interlayer 1 at a certain position 
measured by using the needle contacting method. 

The average distance of adjacent coarse raised 
or depressed portions is measured, for example, as s 
an average of distance between the bottoms of the 
adjacent coarse depressed portions. Let us con- 
sider the surface roughness curve of Figure 2 with 

70 

n 

75 

The standard length L is assumed to be 8 mm. 

The roughness of the coarse raised and de- 
presssed portions is expressed by the 10-point 
average roughness In accordance with 1SO-R468 of 
Intemational Organization for Standardization, and 20 
determined as follows:- 



respect to a part having a standard length L Let 
the distance between the bottoms of two adjacent 
depressed portions be Wi (where i Is an integer of I 
to n, and n + i is the number of the bottoms of 
depressed portions existing in th standard length 
L), then the average distance W is given by th 
following equation. 



Wi/n 



In the curve shown in Rgure 2 obtained by the 
needle contacting method with respect to the stan- 
dard length L, the 10-point average roughness H Is 
defined as the average of the heights of five ridges 
from the highest ridge 41 to tfie fiftfi highest ridge 
45 minus the average of the depths of 5 valleys 
from the deepst valley 51 to the 5th deepst vail y 
55. Hence, in Figure 2. H is calculated in accor- 
dance with tiie following equation. 



H 



to H,o represents the height or depth of a 
ridge or valley measured from the reference line X, 

The standard length L is determined according 
to tiie degree of the surface roughness, but in the 
present invention, it is set at 8 mm. 

In the present invention, W and H are selected 
so that the average distance W of tiie coarse 
raised and- depressed portions is about 2 to about 
10 timesrthe- 10-point average roughness H. 

If -tfieraverage distance W Is less ttian 2 times 
the average roughness H. air tends to remain dur- 
ing preiiminary press-tx}nding of glass sheets 6, 6 
and the interlayer 1, and therefbr&, fbam^end to 
occur in the laminated glass obtained by the sub- 
sequent consolidating operation. If tiie averge dis* 
tance W exceeds 10 times tiie average roughness 
H, tiie Interlayer blocks, or its adhesion to tiie glass 
is too strong, and tiie operabillty of laminate glass 
production:ls reduced. 

The 10-point average roughness of tiie fine 
raised and: depressed portions Is measured after 
tite coarse raised and depressed porti'ons (also 
called undulations) are removd from ttie surface - 
(sectional) curve shown in Figure 2. Removal of the 
coarse: raised, and depressed portions from the 
sectional: curve is canied out generally by using a 
filter circuit used in an electrical surface roughness 
tester, or by. utilizing the locus of tiie center of a 



30 



35 



40 



45 



50 



55 



circle having a large radius of curvature otjtained 
when the sectional curve is traced with the circle. 
The mettiod using a filter circuit Is prefen-ed. Most 
of needle-contacting type surface roughness test- 
ers now in use are adapted to electrically am- 
plifying the movement of a contact needle, and tiie 
aforeaald filter circuit is usually built within tiie 
testers. One example of tiie surface roughness test 
containing a filter circuit built ttierein Is Surfcom 
121 OA (a contact needle type surface roughness 
tester made by Toyo Seimltsui Kabushiki Kalsha) . 

In ttie present Invention, it is preferred to em- 
ploy 0.08 mm as tiie length of cutoff In tiie filter 
circuit in accordance witii Japanese Industrial Stan- 
dard. JIS B-601-1976. 

Examples of the thermoplastic resin used to 
form tiie interiayer in accordance with this Invention 
Include polyvinyl butyrai. polyuretiiane, 
ethylene/vinyl acetate copolymer, etiiylene/vinyl 
acetate/vinyl alcohol copolymer, and 
ethylene/methyl metiiacrylate copolymer. For use 
in automobile laminated glass, the use of plasti- 
cized polyvinyl butyrai is preferred. 
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Th® interlayer of this invention may have var- 
ious Imown additives, such as ultraviolet absort>ers, 
antioxidants, coloring agents and adhesiveness ad- 
justing agents, contained therein or adhering th re- 
to. For various end usages* the thickness of the 
intertay r is preferably in the rang of 0.1 to 2.0 
mm. 

The interlayer film or sheet having a double 
raised and depressed pattern may be produced by 
using an embossing roll method, a calender roll 
method, an irregular-shape extruding method, or a 
mechanical etching method. The emboss roll meth- 
od is preferred. According to the emboss roll meth- 
od, emboss rolls having raised and depressed por- 
tions corresonding to the raised and depressed 
portions to be formed on the surface of the inter- 
layer film or sheet are used as press-forming rolls 
in the production of the interlayer. 

In the formation of the double raised and de- 
pressed pattern on an embossing roller used for 
the production of the interlayer of the present In- 
vention, it is preferred to use an engraving method 
for the formation of coarse raised and depressed 
potions arxl a blasting. method for the formation of 
fine rasasd and depressed portions. According to 
the engraving method, the desired pattern is en- 
graved on a mother roll, and the pattern on the 
mother roll is trar^sferred under pressure to tfie 
surface of a roll to be produced. According to the 
blasting method, a particulate blasting material is 
btown egainst the surface of a roll at a high speed. 
The blasting material is, for example, Alundum 
(artificially fused alumina), emery and steel grids 
obtained by crushing steel shots. Enr>ery is pre- 
ferred. 

Since tite engraving mettiod can give raised 
and depressed portions having a relatively uniform 
mtA stsi){e configuration or roughness, it is useful in 
forming coarse raised and depresesd portions 
viThich impart daeeratai^ility to the Interlayer. Ac- 
cording to the blasting method, nonunifbnn txit 
relativety steep raised and depressed portions can 
be otrtained, and therefore it is useful for fonning 
fine raised and depressed portions which impart 
antiblodung property to the interlayer. 

A laminated glass containing tfie interlayer of 
this inventi(»i may be produced usually by holding 
^ intertayer between an inorganic glass street and 
cn inorganic glass sheet or t)8tY;;een an inorganic 
gisss sheet and an organic glass sheet composed 
of a trensparerrt rigid resin such as a polycartxxiate 
re^n or an acrylic resin, and removing air from ttve 
Inside of the assembly by placing it in a rvtibor 
fiKsrg or by using nip rolls and squeezing it between 
the rolis to preUminarily press-bond th constitu- 



ents of the assembly, and thereafter consolidating 
It at high temperatures and pressur s in an auto- 
clave. As a result, a transparent laminated glass 
can be obtained. 

5 The prefenred embodiments and advantag s of 

ttiis invention are illustirated by tit following Exam- 
ples and Comparative Examples. 

In the following examples, the antiblocking 
property of the interlayer film or sheet and the 

10 foaming of the laminated gtass~ by heating were 
measured by the following metfxxJs. 



(1) Antiblocking property 

IS 

The interlayer was cut into pieces having a size 
of 100 mm X 25 mm. Two pieces were laminated 
and a load of 2 kg was placed on the laminate. It 
was left to stand at room temperature for 24 hours. 
20 Then, the laminate was subjected to a 180 degree 
peel test at a pulling speed of 200 mm/min. The 
average (three replicates) of the peeling forces was 
calculated, and defined as a measure of antibloc- 
king property. 

25 The larger the value, the higher ti^e adhesion 
strength between the film pieces, and tiierefore the 
worse the operability of laminated glass production. 



The interlayer was hekl between two inorganic 
glass sheets, and the resulting assembly was 
passed through a heating oven. The surface tem- 

36 perature of the heated laminate was adjusted, and 
air was removed from inskJe the assembly by a 
squeezing metftod using nip roils to perform pre- 
Kminary press-bonding. 

The laminated product was then consolidated 

40 in a pressurizing device at a pressure of 13 kg/cm' 
and a temperabjre of l^'^C. Then the temperature 
was lowered to SO'^C, and the pressure was gradu- 
ally k>wered to atmospheric pressure. Ten such 
laminated glasses were placed in a Goer's oven, 

46 and heated at 120*^0 for 2 hours. The number of 
laminated glasses in wfuch the remaining air be- 
came foams was counted. 



An interiayer film of plasticized polyvinyl 
butyral was prepared in a customary manner from 
100 parts by weight of polyvinyl butyral and 40 
55 parts of triethyterie glycol di-2-ethylbutyrate. By 
using emt^ossing rolls, a double raised and de- 
pressed pattern consisting of irregulariy arranged 
coarse raised and depressed portions and fine 



so (2) Foaming 



90 EXAMPLE 1 



4 



7 



0 215 976 



8 



raised and depressed portions formed on the sur- 
faces of the coarse raised and depressed portions 
was formed on both surfacs of th interlayer film. 
The 10-point av rage roughness of the coarse 
raised and depressed portions was 35 microm- 
eters, and the average distance between adjacent 
coarse raised or depressed portions was 5 times 
the 10-polnt average roughness. The configuration 
of the coarse raised or depressed portions was 
therefore gentle. The lO-point average surface 
roughness of the fine raised and depressed por- 
tions was 8 micrometers. 

The antiblocldng property of this interlayer film 
at room temperature and the foaming of a lami- 
nated glass produced by using the interlayer fiim 
are shown in Table 1. 



EXAMPLES 2-3 

In the same way as in Example 1. interlayer 
films having double raised and depressed patterns 
were produced. The configurations of the raised 
and depressed portions and the properties of the 
interlayer films and laminated glasses are shown in 
Table 1. 



COMPARATIVE EXAMPLE 1 

In the same way as in ExampI 1 , an interlayer 
fiim having a raised and depressed pattern without 
5 fine raised and depressed portions as shown in 
Table 1 was produced and using an embossing 
roll. The antiblocking property of this interlayer film 
and the foaming of a laminated glass are shown in 
Table 1. 

70 

COMPARATIVE EXAMPLE 2 

A commercial plastlcized polyvinyl butyral in- 
75 terlayer film having steel raised portions and deep 
depressed portions on both surfaces was examined 
for the shapes of the raised and depressed por- 
tions and properties. The foaming of a laminated 
glass produced by using this interlayer was also 
20 examined. The results are shown in Table 1. 



25 



30 



35 



40 



45 



so 



55 



5 



0 215 976 



10 



€1 



1 Comparative 
Emnple 2 


s 


0 

CO 
r-i 


• 




0 

rH 


0 


3/10 


s 


0 


0 




4> 


in 
ro 


in 


in 




0 


0 


0 


s 


0 


0 


0 


m 
J* 


tn 
vo 




00 
9 


CM 
•H 




0 
as 


0 


s 


0 


0 


0 
•-1 




o 

\o 


0 


CO 


CO 


in 


0 

o\ 


0 


0 
00 


0 


0 


0 
^ 


•H 


in 


m 


in 


00 




0 


0 


s 


§ 


0 


i-H 




f St, 2 

5 "'g 3 

Q « 
O4 (0 u ^ 


U 

8 1 --^ ^ 

c -H ^ ca 

q CQ M 
4J 14 0 41 

M US 

iir 


§ 


41 1 

4) g 0 
1-1 'O ^ 

ml 


&@ 

c ° 
•t-j r>5 

1 


i 

u ^ 

Is 


1 

l| 

^ 5 
0 ^ 

s 

11 

p ^ 





6 



11 



0 215 976 



12 



In the interlayer of this inv ntion, the average 
distance between adjacent coarse raised or de- 
pressed portions is about 2 to about 1 0 times the 
average roughness of the coarse raised and de- 
pressed portions and no deep vail .y nor steep 
ridge exists. Accordingly, air does not remain In a 
step of holding the Interlayer with glass sheets and 
performing deaeration. and consequently, a lami- 
nated glass free from foams can be obtained. 

Since fine raised and depressed portions are 
further formed on the surfaces of the coarse raised 
and depressed portions in the interlayer of this 
Invention, the interlayer has good antiblocking 
property and does not excessively adhere to glass 
sheets, the operability of the laminated glass pro- 
duction is improved and the number of laminated 
glasses which can be stored in the stacked state 
increases. 

Since the interlayer of this invention has the 
foresaid double raised and depressed pattern on its 
surface, the raised portions are easily collapsed at 
the time of preliminary press-bonding step, the line 
speed of the preliminariiy press-bonding step can 
be increased. 



Clainns 

1. An Interlayer for a laminated glass, said 
Interlayer being composed of a film or sheet of a 
thermoplastk: resin, at least orte surface of the film 
or sheet of a thermoplastic resin having numerous 
coarse raised and depressed portions and numer- 
ous fine raised and depressed portions existing on 
the surfaces of the coarse raised and depressed 
portions, the average distance between two adja- 
cent coarse depressed or raised portions being 
about 2 to atxxit 10 times the 10-polnt average 
roughness of the coarse raised and depressed 
portions measured In accordance with ISO-R467. 



2. The Interlayer of claim 1 wh r In the aver- 
age distance is 100 to 500 micrometers, and the 
10-point average roughness is 20 to 100 microm- 
eters. 

s 3. The interlayer of claim 2 wherein the aver- 
age distance is 200 to 300 micrometers, and th 
10-point average roughness is 25 to 70 microm- 
eters. 

4. The interlayer of claim 1 wherein the 10- 
70 point average roughness of the fine raised and 

depressed portions is 5 to 20 micrometers. 

5. The Interlayer of claim 1 wherein the ther- 
moplastic resin is plasticized polyvinyl butyral. 

75 Amended claims in accordance with Rule 86 (2) 
EPC. 

1. An interlayer for a laminated glass, said 
interlayer being composed of a film or sheet of a 

20 thermoplastic resin, at least one surface of the film 
or sheet of a thermoplastic resin having numerous 
coarse raised and depressed portions and numer- 
ous fine raised and depressed portions existing on 
the surfaces of the coarse raised and depressed 

25 portions, the average distance between two adja- 
cent coarse depressed or raised portions being 
about 2 to about 10 times the 10-point average 
roughness of the coarse raised and depressed 
portions measured in accordance with ISO-R468. 

30 2. TTie interlayer of claim 1 wherein the aver- 
age distance is 100 to 500 micrometers, and the 
10-point average roughness is 20 to 100 microm- 
eters. 

3. The interlayer of claim 2 wherein the aver- 
36 age distance is 200 to 300 micrometers, and the 

10-point average roughness Is 25 to 70 microm- 
eters. 

4. The interlayer of claim 1 wherein the 10- 
point average roughness of the fine raised and 

40 depressed portions is 5 to 20 micrometers. 

5. The interlayer of claim 1 wherein the ther- 
moplastic resin is plasticized polyvinyl butyral. 
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